We studied the effects of habitat fragmentation on four species of North American tanagers ( Piranga spp.) 
Introduction
Fragmentation of forests is recognized as a major threat to animal populations worldwide. In North America, Neotropical migratory songbirds are thought to be particularly vulnerable to habitat fragmentation (Robbins et al. 1989; Askins et al. 1990; Robinson & Wilcove 1994; Faaborg et al. 1995) . As habitats become fragmented, thereby increasing the prevalence of forest edges, levels of brood parasitism and nest predation increase in the remaining breeding habitat (Brittingham & Temple 1983; Wilcove 1985; Martin 1988; Robinson et al. 1995) . Reduced levels of breeding success, in turn, cause population densities to decrease in the remaining patches of breeding habitat. Thus, habitat destruction not only reduces the amount of suitable breeding habitat but also can reduce the suitability of remaining habitat if it occurs in patches that are too small or too isolated.
Empirical evidence of reduced abundances of breeding birds in small or isolated patches is sparse and for most species is limited to only parts of the range. Most demonstrations of area sensitivity in Neotropical migrants involve the fragmented forest matrix of the midAtlantic coast (e.g., Forman et al. 1976; Galli et al. 1976; Lynch & Whigham 1984; Robbins et al. 1989) or the agricultural Midwest (e.g., Bond 1957; Ambuel & Temple 1983; Blake & Karr 1984 , 1987 Hayden et al. 1985) . In the Pacific Northwest, Rosenberg and Raphael (1986) examined the effects of forest area in relation to forest age and other natural environmental gradients in a recently fragmented landscape. Comparative studies of habitat-area requirements in other, largely forested regions or throughout western North America are generally lacking.
Evidence is growing, meanwhile, that important variation exists in the effects of habitat fragmentation among taxa (e.g., Matthysen et al. 1995) and among regional populations of widespread species (e.g., Freemark & Merriam 1986; Hoover & Brittingham 1993; Peterjohn et al. 1995; Villard et al. 1995) . The restriction of empirical studies to relatively few regions, therefore, limits our ability to formulate theoretical models that can be applied more generally to the conservation of bird populations. Large-scale conservation planning for most bird populations requires specific knowledge of area sensitivity and other habitat requirements of species across their entire geographic ranges.
The limited geographic scope of most forest-fragmentation studies stems from the inherent difficulty in surveying large land areas in a limited time frame. Innovative approaches are available that take advantage of large numbers of amateur birders, many of whom already contribute to extensive research efforts such as the Breeding Bird Survey and Breeding Bird Atlas programs. We report on the results of Project Tanager, for which 384 participants or groups collected standardized data on four North American tanager species ( Piranga spp.) at over 2000 study sites throughout the United States and parts of Canada in the 1995 breeding season. Tanagers were chosen for this study because they are conspicuous and widespread Neotropical migratory birds that were thought to be area sensitive in at least some regions (e.g., Robbins et al. 1989) .
These data permit us to evaluate (1) how landscapelevel forest fragmentation can be described in different parts of North America, (2) which elements of landscape structure affect the breeding occurence of each tanager species throughout most of its range, (3) to what extent the relationship between landscape structure and breeding occurrence varies regionally within the large range of the Scarlet Tanager ( Piranga olivacea ), and (4) how landscape structure affects the presence of brood parasites and nest predators in the same regions.
Methods
All field work was conducted by volunteer participants in Project Tanager. About half were professional biologists from various public agencies or universities. All Project Tanager volunteers received a kit containing detailed instructions, a reference booklet with information on tanager distributions and breeding biology, a cassette tape for learning the songs and calls of tanagers and Brown-headed Cowbirds ( Molothrus ater ) and for use in censusing tanagers, and aids for measuring habitat and landscape features of the study sites. The standardized field protocol included selecting study sites, visiting each site two or more times to determine tanager presence and breeding status, recording the presence of cowbirds and potential nest predators, and measuring habitat characteristics. Participants recorded data on computer-scannable forms, which were returned to the Cornell Laboratory of Ornithology for editing and analysis. Details of the development and implementation of Project Tanager protocols are provided by Gregory et al. (in press ).
Selection and Characteristics of the Study Site
Participants selected their own study sites from topographic maps, aerial photos, or field reconnaissance, often in consultation with professional land managers or biologists. All sites were in suitable tanager habitat (i.e., any mature forest types within a region), although participants were urged not to select sites based on prior knowledge of tanager presence. Most study sites were in discrete patches of forest of various sizes, but we allowed sites in continuous or connected forest areas for comparison. Within each forest patch, one or more census points were established; patches Ͻ 15 ha contained only one census point, placed as close as possible to the center of the patch. In larger patches, each census point was Ͼ 300 m from other census points and Ͼ 150 m from the edge of the forest patch. Following Rich et al. (1994) , we defined an edge as a break in the forest canopy at least 90 m wide.
Participants measured forest-patch characteristics at three geographic scales (Fig. 1) . For each census point, observers reported the size of the forest patch (SIZ), latitude, longitude, and elevation (ELE). In the area within a 150-m radius around each census point, participants estimated canopy height (height of a majority of trees: CAN), listed the three dominant canopy-tree species, and provided general information about hydrology, land ownership, and types of disturbance. Participants also estimated the distance from the census point to the nearest road or other gap in the canopy Ͼ 90 m wide and the distance to nearest forest edge.
To describe landscape characteristics at a larger scale, the percentage of land that was forested (FOR) and the total linear distance of forest-nonforest edge (LIN) was estimated from maps or aerial photos in a 1000-ha square centered on each census point, following Rosenberg and Raphael (1986) . Finally, participants measured two indices of isolation: distance from the edge of the patch containing the census point to the nearest other forest patch of at least 40 ha (IS1) and distance to nearest patch of at least 200 ha (IS2). Census points in forest patches of at least 400 ha were assigned a value of IS1 ϭ IS2 ϭ 1. To aid participants in making these measurements, we provided a transparent, scaled grid to be used with U.S. Geological Survey topographic maps and aerial photos.
Presence and Breeding Status of Tanagers
Observers visited each census point at least twice, once during territory establishment and once during nesting stages (2-4 weeks after visit 1). Timing of visits varied according to species and region. On first visits, a 20-minute census was conducted: 10 minutes listening and watching for tanagers; 1-minute broadcast of prere- corded tanager songs; 3 minutes listening and watching; 1-minute broadcast of prerecorded calls ("chip-burr" or "pit-tuk" calls); 5 minutes listening and watching. If both sexes of tanager were detected during the initial watching period, no songs or calls were broadcast. If only a singing male was detected, the complete procedure was followed to determine if a female was also present. Our own field tests indicated that detection of tanagers increased by approximately 50% with use of broadcast songs and that both males and females responded readily.
Observers followed a similar procedure on second visits, except that listening and watching periods were shortened to 5 minutes (initial) and 2 minutes (after broadcasts). After the second census and on any subsequent visits, observers attempted to follow any tanagers seen, determine their breeding status, and locate nests within the circular study plot. Breeding-bird atlasing codes (adapted from Butcher & Smith 1986) were used to classify the breeding status of birds as "possible" (singing male on at least one visit), "probable" (pair observed, territorial behavior or courtship behavior observed, or presence of a nest suspected), or "confirmed." The broadest category used was "present" and included any census point at which a tanager was observed at least once. Because of the small number of nests found, we were unable to include data on reproductive success in our analyses.
Cowbirds and Potential Nest Predators
Observers noted the presence of Brown-headed Cowbirds at each census point and looked for any evidence of cowbird parasitism of tanager nests. Similarly, potential diurnal nest predators were noted at each site, including various species of jays, crows, grackles, squirrels, and chipmunks. Additional nocturnal predators, such as raccoons and Peromyscus mice, could not be assessed. To standardize the effort involved in detecting cowbirds and predators across sites, observers recorded these only during the actual tanager census, not while traveling to or from the census point or while following tanagers on additional visits.
Data Editing
Data forms were edited extensively and checked against original field forms before analysis to ensure that protocols had been followed correctly, latitude and longitude had been recorded, and breeding-status codes had been properly assigned. Each study plot was given a unique identification number.
We differentiated between sites where tanagers had a status of at least possible breeding and those that did not. Using possible breeding status rather than presence minimized the inclusion of sites where tanagers were seen on only a single visit and may have been only transients. Although using probable breeding may have further reduced the likelihood of including marginal sites (e.g., those with unmated males), we found in preliminary analyses that probable breeding status was correlated with date of visits and thus might introduce a geographic bias in the results, because visits tended to be later further north. Similarly, the number of sites with confirmed breeding status was too few for complete analysis.
If during one of the tanager censuses an observer recorded a cowbird, cowbirds were considered present. If during the censuses no cowbirds were observed, this was recorded on the data sheet as "no cowbirds seen." Data from an observer who did not fill in the cowbird part of the data form were coded as "missing," and observations from that census point were not included in the cowbird analyses. If an observer reported at least one observation of a grackle, jay, or crow, then avian nest predators were coded as present. If none were reported on the data form, avian nest predators were coded as absent. Similarly, if an observer reported at least one observation of a squirrel, chipmunk, or other mammal (a list of potential predators was provided), then mammalian nest predators were coded as present. If none was reported, mammalian nest predators were coded as absent.
Describing Habitat Fragmentation
Before analysis, measures of patch size (SIZ) and distance to nearest other forest (IS1, IS2) were log-transformed, and percent forest (FOR) was arc-sine transformed. Because measures of patch size, isolation, and other aspects of forest fragmentation are highly intercorrelated, we performed a principal components analysis (PCA) on the five continuous habitat measures that expressed fragmentation in different ways: SIZ, FOR, IS1, IS2, LIN. In addition, we included the elevation of the census point in the PCA (using Proc Factor; SAS Institute 1989).
We first performed a PCA separately for each species to determine how the habitat variables interacted within the range of each tanager species. We retained the first three principal components (factors) in each analysis, which resulted in approximately 90% of the cumulative variance explained and high factor loadings for all of the variables entered. Because the results of analyses for different tanager species were nearly identical, we performed another PCA combining study sites for all species. The resulting factor matrix was then transformed by Varimax Rotation, which maximizes the correlation between the factors and original variables, thus facilitating interpretation (SAS Institute 1989). We then used the resulting three factors as new variables in multiple logistic regression analyses for each species to under-
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stand which habitat gradients influence presence and possible breeding by tanagers.
Defining Regions for the Scarlet Tanager
For Scarlet Tanagers, sample sizes were sufficient to test for regional variation in relationships between landscape structure and tanager breeding. We divided the range of the Scarlet Tanager into four regions based on major forest types (U.S. Forest Service 1993) and physiographic boundaries, while ensuring a sufficient number of census points in each region (Fig. 2) . The Northeast region extended from southern New England south through the Appalachian Mountains to western North Carolina and Georgia. This region is largely forested with eastern broadleaf and mixed forest types; it is fairly mountainous and supports high relative abundances of Scarlet Tanagers (BBS data; Sauer et al. 1997) . The Atlantic Coast region extends from Long Island south on the coastal plain to eastern North Carolina. This region is sparsely forested and supports moderately high relative abundances of tanagers. The Midwest region encompasses a largely agricultural area from southern Minnesota, southern Wisconsin, southern Michigan, and southernmost Ontario, west of the Appalachians and south to western Tennessee and Arkansas. The only large forested area in this region is the Ozark Plateau, and Scarlet Tanagers are generally in lower relative abundance throughout this region than further east. The remaining areas, from northern Minnesota, northern Wisconsin, northern Michigan, most of Ontario, the Adirondack Mountains of New York, northern New England, north to the limit of Scarlet Tanager occurrence, we defined as the Northern Forest region. This region is forested mostly with northern hardwood and mixed forest and supports relatively low abundances of tanagers.
Effects of Forest Fragmentation by Species or Region
To determine which factors or variables influenced the possible breeding of our study species, we used multiple logistic regression (Proc Logistic; SAS Institute 1989). Possible breeding versus nonbreeding was the binary response variable. The first three factors from the PCA and the possible interaction terms between the PCA factors and species or regions were the explanatory variables. As pointed out by James and McCulloch (1990) , the results of such analyses may not be straightforward. We therefore did not simply accept the results of a stepwise or a backward elimination procedure. Rather, we sought the model from among a group of related models with the best overall fit (i.e., with the lowest value of the Aikaike information criterion [AIC] ). This measure combines the deviance and the number of degrees of freedom. Our final model, therefore, sometimes includes variables that had individual p values Ͼ 0.05 based on the liklihood ratio test.
Because only a small number of points were censused in the range of the Hepatic Tanager ( Piranga flava ), we did not include this species in our analyses. In all comparisons among the remaining three tanager species, either in possible breeding or presence of cowbirds or predators within each species's range, we added dummy variables for species (S2, Western Tanager; S3, Summer Tanager), which could take a value of 0 or 1. In this way a significant factor-by-species interaction would indicate significant variation in the way either or both species responded to that factor, compared with responses by the "default species," the Scarlet Tanager. Similarly, to determine how the Scarlet Tanager's sensitivity to fragmentation differed in different parts of its range, we added dummy variables for three of the four regions (taking the values 0 or 1), thus comparing the response in each region to that in the Northeast region. To discover any regional or species variation in sensitivity to fragmentation and thereby proceed with separate species-by-species or region-by-region analyses, we sought at least one significant factor-by-region or factor-by-species interaction. Our full model included three PCA-factors, three regions (two species) and eight region-by-factor (six species-by-factor) two-way interactions.
Results

Occurrence of Breeding Tanagers
The overall proportion of study sites where tanagers were recorded as "possible breeding" was similar (0.56-0.62) for the three widespread species in 1995 (Table  1) . For all three species, possible breeding was recorded at over 90% of the sites with tanagers present. As a test of whether state-by-state variation in the proportion of sites with breeding tanagers was meaningful, we compared these proportions for the Scarlet Tanager with average relative abundances on Breeding Bird Survey (BBS) routes in the same states and provinces (Fig. 3a) . Using only the 19 states and provinces with Ն 15 Project Tanager study sites in 1995, we found a high correlation between these two measures of tanager abundance ( r ϭ 0.74, p Ͻ 0.01, n ϭ 19). This finding suggests that BBS and Project Tanager are measuring tanager abundance at similar spatial scales (i.e., landscape-level density) and that results of our analyses regarding the effects of habitat fragmentation may be useful in explaining regional differences in results from the BBS.
Occurrence of Cowbirds and Nest Predators
Brown-headed Cowbirds were noted consistently at between one-quarter and one-third of all study sites within the eastern range of Scarlet and Summer Tanagers ( P. rubra ) (Table 1) . Within the range of Western Tanagers ( P. ludoviciana ), however, cowbirds were detected at only 14% of study plots. On a state-by-state basis, the proportion of study plots with cowbirds was highly correlated with the relative abundance of cowbirds (BBS; r ϭ 0.84, p Ͻ 0.01, n ϭ 17) in those states with at least 15 study sites (Fig. 3b) . 
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Within the range of Scarlet and Summer Tanagers, jays and crows were found at about half of all sites (Table 1) . The highest proportion of sites with these avian nest predators was in the Midwest region, and the lowest proportion was in the Northern Forest region. Grackles ( Quisculus spp.) were frequently noted only in the Midwest and Atlantic Coast regions. In the range of the Western Tanager, jays were the most frequently seen avian predator (31% of sites), whereas crows (including ravens) were found at 16% of sites.
Throughout most of the East, chipmunks were the most frequently detected mammalian predator; in most of the West, chipmunks were found at fewer than 20% of sites, whereas red or Douglas squirrels ( Tamiasciurus hudsonicus and douglasi , respectively) were more common (Table 1) . Summer Tanager sites in the southeastern United States had the fewest mammalian predators, with gray or fox squirrels ( Sciurus carolinensis and niger , respectively) detected most frequently.
These results indicate that tanagers in different parts of their range are exposed to different combinations of potential parasites and predators. Scarlet Tanagers face the greatest variety of nest predators, and the highest incidence of nearly all types of predators (as well as cowbirds) was in the Midwest region. For Western Tanagers the largest potential threat among diurnal nest predators comes from jays and Douglas squirrels.
Describing Forest Fragmentation
Principal components analyses performed to describe fragmentation produced similar results for the census points in the ranges of the different tanager species (Table 2). In each case, factor 1 had high factor loadings for patch size (SIZ), percent forest in the 1000-ha block surrounding the census point (FOR), and the two isolation measures (IS1,IS2). Therefore, factor 1 can be interpreted as an overall fragmentation gradient, contrasting large, nonisolated forest patches in largely forested landscapes (negative loading) with small and isolated patches in mostly deforested landscapes (positive loading).
Factor 2 had a high loading for only one variable, LIN, representing the amount of edge in a landscape. We interpret this factor as a measure of the configuration of the forest; that this variable loaded separately on its own factor indicates that amount of edge varies independently of the amount of forest remaining in a landscape. Positive loadings represent a relatively large amount of edge in the landscape. Factor 3 had a high loading only for elevation and therefore describes an elevation gradient. Positive loadings represent higher-elevation sites.
In the separate analyses for each tanager species, factor 1 (overall fragmentation) explained 55-58% of the variance in the dataset, factors 1 and 2 together explained 72-75% of the variance, and the three factors combined explained 88-90%. In the analysis combining all 1107 census points from throughout North America, factor 1 explained 56%, factors 1 plus 2 explained 73%, and the three factors combined explained 89%. A fourth factor, which was not included in further analyses, explained only 5.6% of the variation in the analysis includ- ing all census points and between 5.1% and 7.3% in the analyses by species.
Based on the principal components analysis, we concluded that (1) remarkably similar fragmentation gradients exist within the range of all tanager species; (2) the amount of edge in a landscape varies independently of overall degree of forest fragmentation; and (3) both overall fragmentation and the configuration of edges vary independently of elevation. Because of the close similarity in results among the three regions, a single PCA can be used to describe forest fragmentation in all regions of the United States and southern Canada.
Effects of Habitat Fragmentation on Breeding Tanagers
Using the results from the combined PCA for all species, we examined how these gradients affect the presence and possible breeding by tanagers. In the following analyses we include factors 1-3 as new variables and model their effects using logistic regression analysis.
We first examined whether the three tanager species responded similarly to habitat fragmentation gradients. In this analysis, the best model indicated that the probability of finding any breeding tanager varied significantly with fragmentation (factor 1) and elevation (factor 3). Although the three tanager species did not differ in how they responded to factor 1, the Western Tanager (S3) differed significantly from the other species in its response to the other gradients (S3 ϫ factor 3, p ϭ 0.02; S3 ϫ factor 2, p ϭ 0.091). Because of the significant interaction terms, separate analyses for each species were therefore warranted.
For Summer Tanagers, only factor 1 was included in the best model (Table 3) , with the probability of finding breeding tanagers declining significantly with increasing fragmentation. For Western Tanagers, factors 1 and 2 
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were included, indicating that, for a given level of fragmentation, Western Tanagers were less likely to breed in landscapes with more edge. The relationship between possible breeding and overall fragmentation (factor 1) was similar in the three species, with the probability of finding breeding tanagers dropping well below 0.50 at highly fragmented sites (Fig. 4a) . In our tests for geographic variation in response by the Scarlet Tanager across its range, overall fragmentation (factor 1) was still highly significant, but five of the two-way interaction terms involving regions were also significant. We therefore analyzed the effect of fragmentation separately for each region.
Scarlet Tanagers were significantly affected by fragmentation (factor 1) in the Northeast, Midwest, and Atlantic Coast regions, but not in the Northern Forest region (Table 3 ). The probability of finding breeding tanagers declined most sharply in the Midwest and Atlantic Coast regions, dropping below 0.50 at highly fragmented sites. In the Northeast region, this probability remained relatively high (Fig. 5a ). In addition to the effect of overall fragmentation, there was a strong negative effect of edge (factor 2) in the Atlantic Coast region, and in the Midwest there was also a weak effect of elevation.
In the Northern Forest region only elevation significantly affected tanager breeding probability, with tanagers being more likely to occur at higher elevations (Table 3) .
Effects of Habitat Gradients on Brown-headed Cowbirds
We used the same three habitat gradients to model the probability of finding cowbirds at tanager study sites throughout North America. First, we tested whether cowbirds respond differently to fragmentation within the ranges of different tanager species. The overall model indicated that cowbirds were more likely to be found in more fragmented forests and were less common at higher elevations. In addition, the effect of fragmentation on cowbird presence differed in the range of the Summer Tanager, compared with that of the default species, the Scarlet Tanager (S2 ϫ factor 1; p ϭ 0.04), and the effect of configuration was different in the range of the Western Tanager (S3 ϫ factor 2; p ϭ 0.03). These significant interaction terms necessitated that cowbird occurrence be modeled separately within each tanager's range.
Fragmentation (factor 1) significantly affected cowbird occurrence within the ranges of Scarlet and Western Tan- agers, but not within the range of Summer Tanagers (Table 4). The significant interaction between S3 and factor 2 in the overall analysis was caused by the significant negative effect of configuration on the cowbirds in the range of the Western Tanager (i.e., fewer cowbirds at sites with more edge). Although the predicted relationship was significant for both species, the chance of finding cowbirds was higher for a given level of fragmentation at Scarlet Tanager sites than at Western Tanager sites (Fig. 4b) . In addition, cowbirds were just as likely to occur at unfragmented sites within the range of Summer Tanagers as at fragmented sites in the ranges of all three species. As with tanager breeding, we found significant regional variation in cowbird occurrence across the Scarlet Tanager's range, prompting us to perform a separate analysis for each region. In particular, significant interaction terms indicated that cowbirds responded differently to fragmentation in the Atlantic Coast region (R3 ϫ factor 1; p ϭ 0.04) than in the default region (Northeast), and they responded differently to elevation in two of the four regions. In addition, cowbirds were more common in the Atlantic Coast and less common in the Northern Forest than in the other regions.
When modeled separately in each region, the chance of finding cowbirds was significantly higher in more fragmented landscapes in the Northeast and Midwest regions (Table 4) . As expected, the relationship between cowbird occurrence and fragmentation was opposite that of tanager breeding, with cowbirds more likely to be found at more fragmented sites (Fig. 5b) . In addition, factor 3 (elevation) was significant in both the Northern Forest and Atlantic Coast regions. Cowbird presence was more likely at lower elevations along the Atlantic Coast and (surprisingly) at higher elevations in the Northern Forest.
Effect of Habitat Gradients on Avian Nest Predators
The results for potential avian nest predators paralleled those for cowbirds. Significant interactions existed between species and factor variables, necessitating separate analyses for each tanager species. Predators were affected differently by fragmentation within the ranges of Western (S3 ϫ factor 1; p Ͻ 0.001) and Summer tanagers (S2 ϫ factor 1; p Ͻ 0.001) than within the range of the Scarlet Tanager.
Figure 4. Probability of occurrence, based on logistic regression, for breeding tanagers (a), cowbirds (b), and avian (c) and mammalian nest predators (d) in relation to a gradient of forest fragmentation ( factor 1) within the range of each tanager species.
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When each species was considered separately, avian nest predators were significantly affected by fragmentation in the range of Scarlet and Western tanagers but not within the range of the Summer Tanager (Table 5 ). The relationship was very different, however, between Scarlet Tanager and Western Tanager sites (Fig. 4c) . Avian nest predators were more prevalent at more fragmented sites in the East but were found less commonly at more fragmented sites in the West, perhaps reflecting the different predators found in each region.
Within the range of the Scarlet Tanager, we again found significant regional variation in how avian predators responded to habitat factors, as indicated by significant region-by-factor interactions (R3 ϫ factor 2, p ϭ 0.002; R4 ϫ factor 3, p ϭ 0.055). In separate regional analyses, the fragmentation gradient (factor 1) was significant in all four regions (Table 5 ), but the extent to which avian nest predators increased in fragmented landscapes differed from region to region (Fig. 5c) . Avian predator species also were found more frequently at higher elevations in the Northeast region and in areas with more edge (factor 2) in the Atlantic Coast region (Table 5) .
Effect of Habitat Gradients on Mammalian Nest Predators
As with avian predators, we first found significant variation in the occurrence of mammalian nest predators across the ranges of the three tanager species. Specifically, mammalian predators were affected differently by fragmentation within the range of the Western Tanager (S3 ϫ factor 1; p Ͻ 0.001) compared with the other tanager species. Considering each tanager species separately, mammalian predators responded significantly to fragmentation only at Scarlet Tanager sites (more predators at highly fragmented sites; Fig. 4d ), and only elevation was significant for Western Tanager sites (more predators at higher elevations). No variable was significant for sites within the range of the Summer Tanager (Table 6) .
Within the range of the Scarlet Tanager, we found regional differences in how mammalian predators responded to habitat gradients; significant interactions included all region and factor variables. When considered separately, we found significant positive relationships between mammalian predators and the fragmentation gradient in the Northeast, Midwest, and Northern Forest re-
Figure 5. Probability of occurrence, based on logistic regression, for breeding tanagers (a), cowbirds (b), and avian (c) and mammalian nest predators (d) in relation to a gradient of forest fragmentation (factor 1) in four regions within the Scarlet Tanager's range.
gions (Table 6 ; Fig. 5d ). In addition, mammalian predators were significantly more likely to be found in areas with less edge (factor 2) in the Northeast and Atlantic Coast regions and at lower elevations on the Atlantic Coast.
Discussion
Results from Project Tanager demonstrate that although each tanager species responds similarly to a single gradient of forest fragmentation, the effects of other landscape variables, such as the configuration of edges and elevation, vary among species. Our results also demonstrated significant geographic variation in the response of Scarlet Tanagers to forest fragmentation, as well as significant variation in how potential nest parasites and predators respond to fragmentation gradients across North America. The important implication of these findings is that results from studies of a single species or from a geographically restricted area cannot be extrapolated to other similar species or other regions without considerable caution. For example, whereas potential avian nest predators were more prevalent at highly fragmented sites in the East, they exhibited an opposite effect in the West; thus, the influence of avian predators on the sensitivity of tanagers to habitat fragmentation is presumably different in the two regions.
Project Tanager has also demonstrated the ability of volunteer researchers, most of whom are amateur birders, to collect detailed and biologically informative data on habitat fragmentation on a continent-wide scale, which would not be possible by any single research team. By following a standardized protocol that is simple yet scientifically sound, amateur observers can study thousands of sites in a single breeding season. If these volunteers had been systematically biased in their observations (e.g., prone to finding strong fragmentation effects when none existed), then we would not expect different responses to emerge for each species and in different regions. For more details on the development and implementation of the Project Tanager protocol, see Gregory et al. (in press ).
Describing Forest Fragmentation
Most local and regional studies of forest fragmentation have measured similar variables to describe fragmentation in their areas (see reviews by Askins et al. 1990; Faaborg et al. 1995) . Comparisons across studies and regions are difficult, however, without knowledge of whether these variables interact in the same way in different regions. By employing an identical set of measurements at a wide variety of sites, we conclude that forest fragmentation itself can be described similarly across (factors 1-3) a on presence of Brown-headed Cowbirds within the range of three tanager species as determined by multiple logistic regression analysis. LAND-175 most of North America. A single gradient from large, continuous forests to small, isolated patches in largely deforested landscapes describes most of the variation in forest habitat across tanager study sites in each region. This uniformity exists in spite of large differences in forest type, tree-species composition, and land-use patterns across North America. The amount of edge habitat in a landscape, possibly describing the configuration of remaining forest, appears to vary independently of overall fragmentation, and both of these gradients vary independently of changes in elevation.
Of increasing interest and importance is the scale at which habitat fragmentation is considered. Freemark et al. (1995) review scale considerations from a landscape perspective, pointing out the importance of a hierarchical approach that links local habitat relationships with landscape-level patterns. Studies in a single region (e.g., Galli et al. 1976; Rosenberg & Raphael 1986; Blake & Karr 1987; Robbins et al. 1989 ) may be more likely to detect interactions between area sensitivity and forest structure within patches, whereas larger-scale studies are necessary to determine how area sensitivity within a species may be affected by the distribution of patches within landscapes. We combined characteristics of individual forest patches with measures of isolation and forest cover in larger landscapes (1000-ha blocks). Only by replicating these landscape measures across the range of widespread species were we able to detect geographic variation in the species' response to habitat fragmentation.
Variation in Fragmentation Effects
Some variation in the effects of fragmentation among tanager species was expected, especially given their largely allopatric ranges. Rosenberg and Raphael (1986) found that Western Tanagers were not area-sensitive in northwestern California, but their occurrence was negatively correlated with percentage of clearcut land and amount of clearcutforest edge in 1000-ha landscapes. This species was also associated with mature conifer stands adjacent to hardwoods, suggesting that the local juxtaposition of different forest types may be more important than forest area per se. Raphael (1986) and others (e.g., Hejl 1992; Freemark et al. 1995) speculated that avian response to forest fragmentation may be reduced in the West because fragmentation has generally occurred more recently than in eastern North America and because many western forest types (e.g., riparian, subalpine) are naturally fragmented. In spite of the wide geographic scope of this study, relatively small sample sizes from the West did not permit regional comparisons within the heterogeneous range of the Western Tanager, and complex interactions among forest type, land use (e.g., timber harvesting), and elevation may have been obscured in our analysis. (factors 1-3) a on presence of avian nest predators within the range of three tanager species as determined by multiple logistic regression analysis. Variation in response to fragmentation within the range of the Scarlet Tanager may result from variation in demographic factors, as well as from regional patterns in the distribution of forest habitats. Factors affecting demography, such as rates of cowbird parasitism, are known to be highly variable across regions (e.g., Hoover & Brittingham 1993; Robinson et al. 1995) and may result in differences in how a species reacts to increasing fragmentation and edges. Although we did not measure parasitism or predation rates directly, we found regional variation in the occurrence of cowbirds or nest predators in relation to fragmentation gradients. In general, the response by cowbirds and potential nest predators to fragmentation and habitat gradients was opposite that of tanagers, especially in eastern regions. The chance of detecting these species was generally higher in highly fragmented sites or those with large amounts of edge. In the Midwest region, the complementarity between the predicted occurrence of Scarlet Tanagers and that of cowbirds and nest predators was particularly striking, and in this region both parasitism and predation have been found to lower the overall reproductive success of forest birds in fragments .
Many studies have investigated rates of cowbird parasitism and nest predation in relation to edges in specific regions, with mixed results (e.g., Wilcove 1985; Yahner 1988; Paton 1994; Marini et al. 1995) . Our results suggest that, once overall fragmentation in a landscape is considered, the effect of increasing edge on cowbird and predator occurrence also varies from region to region. Within the range of Western Tanagers, for example, cowbirds were more likely to be found at highly fragmented sites, but also at sites with less forest edge. Perhaps the strong association of cowbirds with lower elevations in this region is a confounding factor, given that much recent fragmentation of forests is occurring at higher elevations. It may be noteworthy, too, that where the effect of edge was significant (primarily at Scarlet Tanager sites in the Atlantic Coast region), avian predators were associated with greater amounts of edge, whereas mammalian predators showed the opposite response. The most frequently encountered mammal predators in this region were chipmunks, which are known to be major nest predators on forest-interior birds (Paton 1994; Haskell 1995) . Others have noted that avian and mammalian predators may respond differently to forest edges (Angelstam 1986; Marini et al. 1995; Bayne & Hobson 1997) .
Conservation Implications and Recommendations
Besides increasing our theoretical understanding of the responses by birds to fragmented landscapes, Project Tanager's findings have important implications for conserving forest bird populations. That all three forest-breeding tana- (factors 1-3) a on presence of mammalian nest predators within the range of three tanager species as determined by multiple logistic regression analysis. 
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ger species are negatively affected by habitat fragmentation is clearly demonstrated. Significant variation in response among species and regions, however, implies that we need to formulate distinct guidelines for each species in each geographic region based on careful study at several scales. Similarly, the finding that different habitat gradients contribute significantly to variation in the occurrence of breeding tanagers implies that studying a single factor, such as forest-patch size, may yield misleading conclusions about how birds may respond to habitat changes. Our results for tanagers suggest that geographic variation in how birds respond to forest fragmentation may exist at several scales. In regions where forests are highly fragmented (e.g., Midwest and Atlantic Coast), for example, tanagers exhibited the greatest negative response to forest fragmentation. In regions where forest is largely intact, tanagers appear to be less sensitive to fragmentation where it does exist. This implies that regional levels of forest cover affect the scale at which forest-inhabiting species such as tanagers can be managed. In highly fragmented regions, it may be more important to maximize the size of individual patches. In fact, it is under these circumstances that specific minimum-area estimates derived from predictive models may be applied most directly. In heavily forested regions, minimum-area requirements may be less stringent, but the overall degree of fragmentation at the landscape level may be more important. Under the latter circumstances, the location of individual patches within the landscape may be more important than their size. These contrasting examples presumably represent extremes of a continuum, or a time series. If portions of the heavily forested Northeast become as fragmented as the Midwest or Atlantic Coast regions (as they once were), tanagers in the Northeast presumably would respond as they now do further south and west.
Two cautions must be noted before these results are applied to conservation efforts for forest birds. First, results for tanagers may not apply to other forest birds that are more or less sensitive to forest fragmentation. Second, our models predict only the probability of attempted breeding by tanagers. Whether or not tanagers breed successfully in all patches where they have a high likelihood of settling is still in question because of the difficulty in finding and monitoring tanager nests in the canopy of mature forests. Therefore, it is important to apply the Project Tanager protocol to other birds of forested landscapes. Studying species such as thrushes, which nest close to the ground, may allow us to link probabilistic models of occurrence, based on fragmentation and other landscape features, with important demographic parameters that will help identify source and sink areas for each species . This level of understanding will be essential for effective conservation strategies to reverse the declining population trend of certain forest birds.
